This paper studies how different boundary-spanning mechanisms concurrently impact firm innovation. We specifically examine how inbound mobility and R&D collaboration interact when firms use these mechanisms to tap into two distinct knowledge domains: industry and academia. To examine the impacts of simultaneously sourcing academia and industry through hiring and collaboration we utilize a unique Danish dataset which draws on three independent data sources including employer-employee register data, R&D survey data, and patent application data from the European Patent Office. The analysis relies on 13472 firm-year observations, including 12608 hiring events and 691 collaborations, in the period [2001][2002][2003][2004]. The results indicate that inbound mobility and collaboration substitute for one another and this result accentuates when firms use both mechanisms to source knowledge from within either the industry or academia domain. We interpret these results as evidence of knowledge redundancies, diseconomies of scope and attention-allocation problems. We contrast prior research on the benefits of involving external partners in a firm?s R&D process by underscoring negative marginal returns from simultaneously sourcing the same type of external organization with a different mechanism.
INTRODUCTION
Organizations increasingly require knowledge inputs that reside outside their organizational boundaries for their research & development (R&D) activities. External knowledge facilitates learning and may bolster firms' innovative capacity in similar or different domains (Lavie & Rosenkopf, 2006; Levin et al., 1987; Mowery, Oxley, & Silverman, 1996) . As a result, scholars have underscored the value of different mechanisms to acquire external knowledge, such as R&D alliances and recruitment of skilled individuals (Gulati, 1999; Rosenkopf & Almeida, 2003; Tzabbar, 2009) . At the same time, a growing body of literature has alluded to innovation synergies between internal resources and resources that reside outside firms (Cassiman & Veugelers, 2006; Dyer & Singh, 1998; Hess & Rothaermel, 2011; Lavie & Drori, 2012 ). Yet, little attention has been paid to the interplay among the different boundary-spanning mechanisms that firms utilize to acquire external resources. That is, interdependencies among the different boundary-spanning mechanisms may exist, and they may either strengthen or weaken the combined effect of such mechanisms. In this study we seek to shed light on the interaction between two mechanisms prior research has identified through which firms acquire external knowledge: (1) inbound mobility of scientists and engineers and (2) R&D collaboration. We specifically direct attention to the fact that firms keep multiplex relationships with other organizations (Ozmel, Reuer, & Gulati, 2013; Shipilov & Li, 2012; Somaya, Williamson, & Lorinkova, 2008) and explore how one external sourcing mechanism complements or substitutes for another in terms of innovation output.
We address this underexplored issue by investigating the possible tradeoffs and synergies between hiring and research collaboration for firm innovation. We posit that the learning enabled by these boundary-spanning mechanisms occurs in two domains, namely industry and academia. While prior research has addressed how these mechanisms affects innovation outcomes in a single domain (e.g. Bercovitz & Feldman, 2007; Lacetera, Cockburn, & Henderson, 2004) , research addressing the effects of simultaneous collaboration and recruitment in both domains is quite scarce (cf. Hess & Rothaermel, 2011) .
Drawing a distinction between industry and academia is crucial for at least two reasons. First, each domain provides a firm with a distinct type of knowledge. Academia primarily focuses on basic science and discovery, and cooperation with, and hiring from, universities provides firms with state-of-the-art knowledge and recent scientific advances (Cockburn & Henderson, 1996) . In contrast, inbound mobility from, and collaboration with, industry is likely to be driven by a firm's need for transformation of relevant scientific or technological knowledge into commercially valuable inventions (Gittelman & Kogut, 2003) .
Thus, universities provide a firm with basic research, while partnering with industry is likely to fuel future development of applied knowledge. Second, firms require different capabilities to maintain relationships and integrate new hires from either industry or academia. Universities follow different incentive systems than firms, which may hamper collaboration efforts or integration of scientists and engineers whom have been working in academia prior to joining a firm. We are thus particularly interested in whether R&D collaboration with firms and universities substitutes or complements recruitment from each organization type.
Drawing on prior research on inbound mobility and R&D collaboration, we posit that simultaneous sourcing external knowledge may on the one hand lead to innovation synergies, for example when hired engineers interpret and implement newly developed knowledge components through joint R&D between firms. On the other hand, simultaneously engaging in hiring and collaboration may also incur negative innovation performance effects. Concurrent sourcing through hiring and collaborating may decrease efficiency of search processes as a result of diseconomies of scope and manager attention problems. Subsequently, we develop the argument that R&D collaboration and recruitment act as substitutes in a particular knowledge domain. In this case, hiring from, and collaboration with either industry or academia provides a firm with similar knowledge which will result in a negative interplay between inbound mobility and collaboration.
Our study draws on a unique database from Denmark for the period [2001] [2002] [2003] [2004] . The dataset combines three independent data sources: (1) Danish register employer-employee data, (2) survey data concerning firms' R&D activities (similar to the European Community Innovation Survey, CIS) and (3) European Patent Office (EPO) data. The main advantage of our dataset is the opportunity to identify mobility of all scientists and engineers and distinguish between scientists and engineers who previously worked in industry and those that have academic working experience prior to joining the recipient firm. In addition, the yearly R&D surveys provide us with self-reported answers about the type of firms' R&D collaboration Using citation-weighted patents applied for at the EPO to capture innovation performance we primarily find evidence of negative marginal returns when firms simultaneously engage in recruiting skilled workers and collaboration with external organizations. More importantly, our study reveals that substitution effects become even more pronounced when we distinguish between tapping into the industrial and academic knowledge domain. We interpret these results as an indication that firms acquire redundant knowledge, and also experience problems related to diseconomies of scope and attention-allocation, when they concurrently hire and engage in collaboration to fuel internal R&D.
Our study provides a nuanced account of tapping into knowledge sources outside the firm with different mechanisms. Our contribution to the literature on external knowledge sourcing to harness innovation is three-fold. First, this study increases our understanding of the contingency effects of different external sourcing mechanisms on firm innovation. Prior research has either considered independent effects of different mechanisms (e.g. Rosenkopf & Almeida, 2003) or examined complementary or substitution effects between external and internal resources (e.g. Hess & Rothaermel, 2011) . However, the combined effect of simultaneously using different boundary-spanning mechanisms on firm-level innovation has not been studied so far. Second, we complement the growing literature on alliances and mobility with distinguishing between industry and academia. Prior work on mobility has investigated recruitment from industry or universities separately (e.g. Lacetera et al., 2004) , with few exceptions. Likewise, the alliance literature has examined different types of alliances but has less so focused on the type of organization that firms ally with. We provide evidence that collaborating with, and hiring from, either knowledge domain have differential direct and moderating effects on firm innovation across industries. Third, we complement prior research on open innovation in which claims are made that firms may suffer from too much openness (Laursen & Salter, 2006; Lavie & Drori, 2012) . We demonstrate that open strategies may also incur costs and this raises questions on how firms may simultaneously source external knowledge through different mechanisms in an efficient way.
The set-up of this paper is as follows. First we introduce our theoretical framework and develop the hypotheses. The subsequent section discusses the different datasets and variables used in this study. The following section presents our results, and we subsequently discuss the results in light of previous work on external knowledge sourcing mechanisms in the discussion section. We conclude in the final section.
THEORY AND HYPOTHESES
Our aim is to understand how inbound mobility of scientists and engineers, and collaboration with external organizations, concurrently affect firm innovation. We build on the labor mobility and alliance literature, the literature on university-industry interaction, and search for innovation to develop our hypotheses. We also introduce the definitions of complementarity and substitution.
A firm's innovation process involves search and problem-solving and is eventually the result of recombination of existing knowledge components (Fleming, 2001; Hargadon & Sutton, 1997; Schumpeter, 1934) . Internal personnel and resources often fail to provide all the relevant knowledge firms need to innovate. In particular firms in high-tech industries therefore access knowledge outside the firm boundary to broaden the available search space, which subsequently increases a firm's innovative performance (Ahuja, 2000; Powell, Koput, & Smith-Doerr, 1996; Rosenkopf & Almeida, 2003) . External knowledge acquisition enables firms to combine internal with external resources and this has been shown to result in complementarity (Cassiman & Veugelers, 2006) . Several mechanisms have been studied through which firms cross their boundaries and access sources of external knowledge, including alliances (Arora & Gambardella, 1990; Lavie & Rosenkopf, 2006; Rothaermel, 2001) , licensing (Arora & Gambardella, 2010) , firm acquisition (Ahuja & Katila, 2001 ) and hiring of personnel (Ettlie, 1985; Song, Almeida, & Wu, 2003) . Two means of external knowledge sourcing have our specific interest in this paper; R&D collaboration and inbound mobility of skilled workers. R&D collaboration is defined as cooperation or active participation in joint projects between a firm and another organization with the intention to conduct joint R&D. Inbound mobility is defined as the recruitment of highly-skilled individuals (i.e. engineers and scientists) by firms to acquire new knowledge and skills to foster internal R&D. Early work on external knowledge sourcing has shown firms simultaneously engage in different mechanisms (Levin et al., 1987) .
Simultaneous collaboration and hiring may be complementary to each other or may act as substitutes. Complementarity refers to the idea that the marginal return to one activity (e.g. inbound mobility) increases as the intensity of the other (e.g. collaboration) increases (Cassiman & Veugelers, 2006; Milgrom & Roberts, 1990 Parmigiani & Mitchell, 2009 ).
Alternatively, resources or activities are substitutes if doing more of one activity reduces the marginal benefit of another. To understand whether collaboration complements or substitutes for inbound mobility the next sections discuss the benefits of inbound mobility and collaboration for innovation and subsequently turn to the contingent relationship of the two mechanisms with firm innovation.
Inbound Mobility
The literature on organizational learning and search has highlighted the role of hiring for firm innovation as firms may adopt processes and products following the inflow of knowledge through mobility (Ettlie, 1985; Groysberg & Lee, 2010; Song et al., 2003) . In more general terms hiring exposes firms to new ideas, practices and a novel view on problem-solving (Arrow, 1962) . Two main types of employees have been considered in the mobility literature: executives or managers (Boeker, 1997; Kraatz & Moore, 2002) , and technical and scientific staff (Palomeras & Melero, 2010; Rosenkopf & Almeida, 2003; Song et al., 2003) . We focus on the latter type of worker as they are likely to carry technical or scientific knowledge which fuels the hiring firm's search for innovation.
Recruitment from firms (i.e. industry) has received most attention and follows the definition in the learning-by-hiring literature which states that hiring involves "the acquisition of knowledge from other firms through the hiring of experts" (Song et al., 2003: 352) . Hiring away skilled workers from firms affects the hiring firm's innovation performance in three ways. First, industrial scientists and engineers apply their skills obtained through education and on-the-job training (Bidwell & Briscoe, 2010; Bidwell, 2011) and transfer knowledge which can be subsequently recombined with internal knowledge (Rosenkopf & Almeida, 2003) . The knowledge and skills of individual workers from industry is mainly of applied nature and positively affects subsequent firm innovation. Second, inbound mobility of skilled workers from other firms allows the hiring firm to tap into the expertise of the worker's prior employer (Corredoira & Rosenkopf, 2010; Song et al., 2003) . Hired engineers and scientists maintain informal contact with their previous colleagues and such social ties may act as pipelines, providing up-to-date knowledge of technological developments at the source firm (Song et al., 2003) . Third, firm employees also bring social capital in the form of external contacts originating from the time they were still in the prior workplace (Carnahan & Somaya, 2011; Dokko & Rosenkopf, 2009; Somaya et al., 2008) . The hiring firm's network of suppliers, customers and other type of partners may thus change through hiring. Taken together, these mechanisms suggest hiring workers from other firms positively affect firm patenting.
Another important type of inbound mobility, hiring of university scientists, has received less attention in the literature on mobility and innovation (see for exceptions : Ejsing, Kaiser, Kongsted, & Laursen, 2012; Lacetera et al., 2004) . This is somewhat surprising, since hiring from academia is likely to affect firm innovation differently than firm hiring. The main reason why we expect university and firm hiring to differently impact innovative performance relates to the difference between academia and industry (Gittelman & Kogut, 2003; Zucker & Darby, 1996) . Scientists and engineers with an industry background are likely to carry knowledge which can be readily applied in the hiring firm, while university scientists provide superior stateof-the art basic research.
We identify two main mechanisms through which academic workers affect firm innovation. First, a scientific background provides an individual with strong research skills and a cognitive map for problem-solving (Fleming & Sorenson, 2004; Gibbons & Johnston, 1974) .
Typically, university scientists hold a PhD and have several years of academic experience before they switch to industry. During their education and academic training they conduct basic research, produce publications and serve the academic community with scientific insights.
Scientists thus carry superior research skills and this experience alters their search processes (Fleming & Sorenson, 2004) . Second, inbound academic mobility also provides hiring firm's with access to a greater academic community (Gittelman & Kogut, 2003; Lacetera et al., 2004) .
Hiring academics provides not only access to such a valuable community, but also enables the hiring firm to use the scientist as translator of science into industrial application (Cohen & Levinthal, 1990; Gibbons & Johnston, 1974) . The superior problem-solving capabilities of academic hires and access to the scientific research community are expected to lead to higher impact innovations produced by the hiring firm.
R&D Collaboration
Another mechanism to cross firm boundaries and acquire external knowledge is R&D collaboration (Ahuja, 2000; Grant & Baden-Fuller, 2004; Powell, White, Koput, & Owen-Smith, 2005; Uzzi, 1996) . General R&D collaboration positively impacts firm innovation in several ways, for instance through knowledge-sharing and access to information about indirect partners (Gulati & Gargiulo, 1999) . Moreover, firms can cut costs related to performing internal R&D, for instance through sharing of equipment. In particular when firms have collaboration experience, and therefore a trustworthy relationship with partners, subsequent collaboration becomes more effective (Dyer & Singh, 1998) . Similar to our arguments for inbound mobility, we expect that R&D cooperation with industry and academia have distinct effects on firm innovation. (Lavie & Rosenkopf, 2006; Rothaermel & Deeds, 2004 ). Thus we find similar advantages for hiring from, and collaboration with respectively industry and academia.
To conclude, we expect both inbound mobility and R&D collaboration to have positive impacts on subsequent innovative performance (i.e. baseline effects).
Combined Effect: Complementary vs. Substitution Effects
Collaboration and inbound mobility may on the one hand complement each other in fueling a firm's innovative capacity. We identify two ways in which collaboration and inbound mobility complement each other. First, each mechanism may breed trust between organizations (Dyer & Singh, 1998; Gulati, 1999) which enhances the influence of the other boundary-spanning mechanism on firm innovation. To illustrate this, a firm's ongoing joint R&D with an external partner may strengthen the effect of hiring an engineer from the same partner as the recipient firm is likely to have trustworthy knowledge on the partner's resources and personnel. Second, hired individuals may act as agents of implementation. That is, scientists and engineers may have the necessary tacit knowledge of technologies to readily implement solutions that have been partly obtained through the collaboration channel. Thus, we hypothesize the following:
Hypothesis 1A: Inbound mobility and R&D collaboration are complements in such a way that the interaction between inbound mobility and R&D collaboration is positive and thus positively impacts a firm's innovative performance On the other hand, both mechanisms may also act as substitutes. Three main arguments can be put forward why this is the case. First, R&D collaboration and hiring provide similar advantages to firms. Firms obtain access to external complementary knowledge when they collaborate (Rothaermel, 2001) , and when they engage in hiring (Song et al., 2003) . Because R&D collaboration involves intensive interaction between R&D departments of firms, or between university and a firm, knowledge transfer is likely to be safeguarded as is the case with mobility.
Second, a firm that simultaneously hires from, and collaborates with external partners runs the risk to experience diseconomies of scope. A firm that recurrently uses one mechanism, for instance R&D collaboration, accumulates collaboration-specific skills, which lowers the marginal cost of a specific mechanism. Simultaneous sourcing through hiring and collaboration may thus involve disadvantages and decrease subsequent firm innovation. Third, another disadvantage is related to the attention-allocation problem (Ocasio, 1997) . Incorporating R&D hires and knowledge obtained through collaboration requires substantial management attention. This becomes particularly clear with regard to decision-making by the R&D managers of the firm.
Engaging in both mechanisms at the same time leads to attention allocation problems and therefore decreases firm innovation. Based on previous arguments about knowledge redundancy, diseconomies of scope and attention-allocation problems we expect that simultaneous recruitment and collaboration decrease marginal returns to innovation. We therefore alternatively hypothesize:
Hypothesis 1B: Inbound mobility and R&D collaboration are substitutes in such a way that the interaction between inbound mobility and R&D collaboration is negative and thus negatively impacts a firm's innovative performance
Combined Effect Within Knowledge Domains
While competing arguments can be made about the complementarity or substitutability of the two knowledge-sourcing mechanisms, we argue that more nuanced effects can be discerned by considering the knowledge domains that the mechanisms tap into. More specifically, the interplay between inbound mobility and R&D collaboration is more likely to be negative when both mechanisms tap into the same knowledge domain. This is because firms acquire redundant knowledge through hiring from, and collaborating with, the same knowledge domain. Accessing external knowledge with a different mechanism from either industry or academia provides a firm with a similar type of knowledge, either of primarily applied or basic nature. In such cases, the interplay between inbound mobility and collaboration shifts towards experiencing problems related to attention allocation of managers and diseconomies of scope. As a result, we suggest a substitutive relationship between inbound mobility and R&D collaboration within the knowledge domain as both mechanisms provide similar knowledge and may lead to suboptimal search processes. Thus, we offer the following two hypotheses: Hypothesis 2A: Inbound industry mobility and R&D collaboration with industry are substitutes in such a way that the interaction between inbound industry mobility and industry collaboration is negative and thus negatively impacts a firm's innovative performance Hypothesis 2B: Inbound university mobility and R&D collaboration with academia are substitutes in such a way that the interaction between inbound university mobility and university collaboration is negative and thus negatively impacts a firm's innovative performance In summary, our framework considers four sourcing types through which firms tap external knowledge and we examine the contingent effects on firm innovation. Figure 1 visualizes and summarizes the four boundary-spanning mechanisms we examine in this study. Figure 2 shows the conceptual model with the hypothesized relationships. Scientists and engineers. In this paper we specifically focus on employees that conduct R&D and add value to a firm's innovativeness. To distinguish employees that are potentially involved in a firm's R&D we utilize individual information available in the employer-employee register data.
The definition of a skilled worker is based on three main requirements: education, occupation and age. First, scientists and engineers are employees with at least a vocational or bachelor degree in engineering, natural, veterinary, agricultural or health sciences. Second, they should be employed in a job function which requires a high level of skills following the International Standard Classification of Occupations (ISCO). Such a job position consists "of increasing the existing stock of knowledge, applying scientific and artistic concepts and theories to the solution of problems, and teaching about the foregoing in a systematic manner" (ILO, 2004) . Also, we exclude employed individuals younger than 20 years, older than 75 years and retired individuals.
Hiring. We recorded hiring when an individual moved to a firm from either another firm or a university. The data allowed us to distinguish recruitment from firm splits, mergers and spin-offs. -
The panel data is unbalanced, since the waves of R&D surveys target a representative sample of firms, but not necessarily the same firms. As a result, firms occur on average 1.5 times in the four-year period.
Measures
Dependent variable: Citation-weighted patents. Firm innovative performance is measured using a count of the number of patents a firm applied for at the EPO, weighted by the number of forward citation in a three-year moving window. We used patent application data as the application date is the point in time which is closest to the firm's innovation process. Citation-weighted patents are widely used to measure innovative performance (e.g. Ahuja, 2000; Sampson, 2007) as it indicates the number of innovations and quality of innovations that firms produce (Trajtenberg, 1990) .
Firms in our sample apply on average for 0.26 citation-weighted patents per year.
Focal independent variables. We measure hiring or inbound mobility as the log number of new R&D recruits. Three variables are constructed to examine the impact of hiring on firm innovativeness. First, we pool all inbound mobility regardless of source organization (Pooled inbound mobility). Then we distinguish between individuals hired from firms (Inbound industry mobility) and universities (Inbound university mobility). The main difference between the two types of employees is that university workers have been employed at a university. Typically university scientists hold a master or PhD degree and have worked for several years at the university as doctoral student or post-doc. We assume university hires bring more fundamental and abstract knowledge to firms compared to firm hires through their scientific background.
We obtain information on collaboration partners from the Danish R&D survey. In the period 2000-2003 firms were asked to which extent they use a set of collaboration partners.
Firms were asked which types of external partners they collaborated with in the past year. In this paper we focus on collaboration with Danish firms and universities. Again, three variables regarding collaboration are constructed. We distinguish between collaboration in general (Pooled collaboration), collaboration with industry (Industry collaboration) and academia (University collaboration). The variables are dummies with the value 1 if a firm collaborates at all, or with each of the external partner types.
To capture the combined effect of hiring and collaboration we center and interact the inbound mobility and collaboration variables (Aiken & West, 1991) . We construct three interaction variables: general hiring with general collaboration (Pooled inbound mobility x pooled collaboration), hiring from firms with firm collaboration (Inbound industry mobility x collaboration) and likewise for university hiring and collaboration with academia (Inbound university mobility x collaboration).
Control Variables. To control for unobserved heterogeneity among firms we followed the presample patent approach from Blundell, Griffith, & Reenen (1995) to proxy a firm's likelihood to patent. The pre-sample patent stock thus acts as a "fixed-effect". To do so, we included the presample mean number of patent applications per firm (Pre-sample mean estimator) and a dummy variable which captures whether a firm patented in t-1 (Patent dummy). We added the log number of employees to control for firm size (Firm size) and the log number of years since the firm was established (Firm age) since old and large firms are more likely to patent. To control for executive hiring and strategy change (Boeker, 1997) we added a variable which measures the number of recruited top management team (TMT) members (Inbound TMT mobility). Skilled workers that leave the hiring or recipient firm are accounted for by a dummy variable (Outbound mobility) indicating whether a firm lost a scientist or engineer due to retirement or job change.
Employees that leave a firm may indirectly affect firm-level search processes (Corredoira & Rosenkopf, 2010) . We control for a firm's R&D spending to account for its investment in creation of knowledge and absorptive capacity (R&D intensity). We measured R&D spending by dividing the number of scientists and engineers by the total number of employees. In addition to these control variables we add industry, regional and year dummies to capture sectoral, regional and time differences in innovative output.
Model Specification and Estimation
We estimate firms' innovative performance as a function of scientist and engineer recruitment, collaboration and the control variables. To investigate the relationships between innovative performance and hiring and collaboration we perform a firm-level study in which we explain the number of citation-weighted patent applications. The dependent variable is a count with an excess of zeroes (97% of the observations have zero patent applications) and we therefore considered zero-inflated models. The likelihood-ratio test indicates the presence of overdispersion and the significant Vuong statistic indicates that we should chose a zero-inflated negative binomial model. The zero-inflated model handles over-dispersion by estimating the likelihood of observing a zero using the logit specification and secondly estimating the count of citation-weighted patent applications by a negative binomial model. The observed distribution of the dependent variable and the zero-inflated negative binomial model thus enables us to estimate two distinct processes. First, we are able to examine the predictors of the likelihood that firms patent at all with the logit model. At the same time, this model allows us to infer patent value, because the count model estimates the number of forward citations in a subsequent three year period. We cluster the standard-errors by firm to allow for within-group correlation, because observations for the same firm are likely to be correlated. The estimations are robust using the Huber-White-sandwich standard errors to correct for heteroskedasticity. All independent variables are lagged one year to avoid issues related to reverse causality. (Belsley, Kuh, & Welsch, 1980) , and the mean variance inflation factor (VIF) is 1.96. No correlations are high (>0.6), except the correlation between the presample mean estimator and the patent dummy. The results do not alter when we remove the patent dummy. Thus, we do not find reasons that our results are unduly affected by multicollinearity. We follow a hierarchical or stepwise estimation procedure. Table 2 reports the results of the zero-inflated negative binomial model with clustered robust standard errors explaining innovative performance. As mentioned earlier, each model reports two models explaining the number of forward citations, or innovation value, (i.e. count model) and the likelihood that a firm does not patent, or has the value 0 (i.e. zero-inflated model). Model I reports the estimators for the control variables. In model II and III we added pooled inbound mobility and collaboration. Subsequently, we added both variables in model IV. The interaction between pooled inbound mobility and pooled collaboration is added in model V. In model VI to IX we added one-by-one each of the specific four mechanisms through which firms acquire external knowledge. The control variables plus all four main independent variables are added in model X. In model XI and XII we subsequently added the interactions between inbound industry mobility and industry collaboration, and inbound university mobility and university collaboration. The final model reports the coefficients of all variables.
RESULTS
-------------------------------- Insert Table 1 around here --------------------------------
--------------------------------Insert Table 2 around here --------------------------------
Hypothesis 1A posits that inbound mobility and R&D collaboration are complements with regard to a firm's innovative performance. Alternatively, hypothesis 1B predicts that both boundaryspanning mechanisms act as substitutes. Model V presents the interaction between pooled inbound mobility and pooled collaboration in both the count and zero-inflated model. We find partial support for hypothesis 1B. The interaction between pooled inbound mobility and pooled collaboration shows a positive and significant effect (p<0.05, two-sided) in the zero-inflated model. Substitution corresponds to a positive interaction in the estimations, since we predict the likelihood to observe a zero (Cohen, Cohen, West, & Aiken, 2003) . Thus, the result indicates that simultaneously engaging in general recruitment and general collaboration decreases the likelihood of patenting.
In hypothesis 2A we predict that inbound mobility from, and collaboration with, industry leads to negative returns at the margin. In the full model XII we find support for this prediction in the zero-inflated part of the regression model. The interaction is significant and positively associated (p<0.05, two-tailed) to a firm's likelihood to obtain zero patent applications.
Model XII also served for testing hypothesis 2B. We predict that inbound mobility from academia and collaboration with universities are substitutes and that the interaction negatively impacts a firm's innovative performance. Consistent with our prediction in hypothesis 2B we find that the interaction between university hiring and collaboration with universities is negative and significant in the count model (p<0.05, two-tailed). Simultaneous hiring from, and collaborating with, academia thus has a negative impact on innovation quality.
Regarding the main effects of the focal independent variables we find differential effects. First, when we consider all inbound mobility and collaboration, regardless of the type of source firm, we find a negative and significant effect (respectively p<0.05 and p<0.001, twotailed) on the likelihood to obtain zero patents in model V. Thus, in the absence of general inbound mobility and collaboration firms are less likely to produce an innovation. When we distinguish between industry and academia we find different effects. The final model reports on all variables and shows that inbound mobility from university has a positive and significant effect (p<0.001, two-tailed) on the number of forward citations. Indeed, this suggests hiring university researchers increases a firm's capacity to produce valuable patents. Furthermore, inbound industry mobility, collaboration with industry and collaboration with academia all have a negative and significant effect on the likelihood to apply for zero patents (respectively p<0.05, p<0.05, and p<0.10, two-tailed). These results suggest that these boundary-spanning mechanisms increase a firm's likelihood to apply for a patent.
With regard to the control variables we find in the zero-inflated negative binomial models that the pre-sample mean estimator negatively and significantly predicts zero patent applications in all models (at least p<0.05). In addition, the pre-sample mean estimator has a positive and statistically significant effect on the number of forward citations in all models. This suggests its importance as a control for unobserved heterogeneity at the firm-level. Also, firm size is positive and significant in most count models, which indicates that large firms are more likely to produce valuable patents. In some models we also find evidence that firm size increases the likelihood that firms apply for a patent at the EPO. Yet, this finding disappears when we include all boundary-spanning mechanisms. This may indicate that large firms engage more in boundary-spanning, which finds support in the correlation table. It may also be the case that this finding hints at the idea that large firms are better able to incorporate several boundary-spanning mechanisms at the same time. Firm age, inbound TMT mobility, general outbound mobility and R&D intensity do not affect either forward citations or the likelihood to apply for patents.
DISCUSSION
The present study was motivated by the two gaps in the management literature. First, studies have overlooked the common practice that firms simultaneously utilize different boundary-spanning mechanisms to source external knowledge, raising the question whether different boundaryspanning mechanisms complement or rather substitute for one another. Second, few studies have addressed the fact that firms hire from, and collaborate, with industry and academia, while each knowledge domain may have differential effects on firm innovation. In this study we addressed these shortcomings and explore the joint and contingent effects of scientist and engineer recruitment and R&D collaboration on subsequent firm-level innovation. We specifically examined the interplay between hiring and collaboration in general and in each knowledge domain (i.e. industry vs. academia).
Drawing on a unique cross-industry dataset which combines register employeremployee data, R&D survey data and EPO patent application data we find partial support for our hypotheses. First, we find no evidence of possible complementary effects between inbound mobility and collaboration, but rather emphasize the prediction that inbound mobility and R&D collaboration act as substitutes in terms of innovative performance. Next, we develop a framework in which we not only consider inbound mobility from university and industry, but also R&D collaboration with academia and industry. We hypothesize and find support for the idea that the simultaneous pursuit of hiring and collaboration in each knowledge domain leads to a marginal decrease in firm-level innovation performance. Our findings have implications for different bodies of literature. First, our study provides insight in the costs and benefits related to the use of external knowledge and the development of open innovation practices (Chesbrough, Vanhaverbeke, & West, 2006; OwenSmith & Powell, 2004) . Paradoxically, the erosion of internal R&D as a result of for example the increase in mobility of skilled workers has directed firms to both make and buy R&D (Parmigiani & Mitchell, 2009 ), yet too much emphasis on external partners may paralyze firms' innovative performance. In our paper we uncover boundaries in the extent to which firms should engage in scientist and engineer recruitment and joint research participation as part of their R&D strategy.
Delicate decision-making on which boundary-spanning mechanism is beneficial for which stage of the R&D process may counteract negative effects of simultaneous sourcing (e.g. Hess & Rothaermel, 2011) .
Second, to our knowledge this is the first study in the alliance and learning-byhiring literature which demonstrates the contingent effects between two alternative external knowledge sourcing mechanisms: inbound mobility and R&D collaboration. Simply controlling for alternative sourcing mechanisms or comparison of boundary-spanning channels (e.g. AlLaham, Tzabbar, & Amburgey, 2011; Rosenkopf & Almeida, 2003; Tzabbar, Aharonson, & Amburgey, 2012) is not sufficient; our findings strengthen the idea that the contingent relationships between a variety of boundary-spanning mechanisms need to be examined.
We also extend the literature on university-industry interaction (Agrawal & Henderson, 2002; Audretsch & Maryann P Feldman, 2003; Rosenberg, 1990; Stuart & Ding, 2006) by our attempt to uncover complementarities or substitution effects between hiring of experienced academics and joint research cooperation. Previous research has suggested star scientists may act as translators of science and function as linchpin between basic research and for instance application in drug-development (Lacetera et al., 2004; Zucker & Darby, 1996) . This would suggest firms can benefit from possible complementarities between having in-house scientists and maintaining joint research projects with universities. Going beyond an externalinternal framework we find that a firm acquires redundant knowledge by engaging in two different types of university-industry interaction.
In an attempt to uncover independent and contingent relationships between inbound mobility and research collaboration we acknowledge that our study is limited in the following ways. First, recruitment and joint R&D collaboration between organizations are two of many alternative boundary-spanning mechanisms. Firms engage in a myriad of external sourcing mechanisms and our study is an initial attempt to reveal contingent effects between two channels.
In addition, our data has limited self-reported information on collaboration practices. Future research can shed more light on contingencies by looking into the size and specific content of research collaboration and other mechanisms. Moreover, another possible extension may be to distinguish between different types of industrial and academic partners. Second, our research setting raises questions about the generalization of our results.
Even though we identify mobility of all skilled workers active in a cross-industry setting in the period 2000-2004, our findings may be specific to the Danish context. Being a small country, characterized by high mobility rates, Denmark and its firms may be unique. Nevertheless, the longitudinal analysis which draws on three independent data sources strengthens our confidence in the results.
CONCLUSION
In conclusion, our study reveals the contingent nature of simultaneous engagement in different external sourcing mechanisms. Extending current literature on complementarities between internal and external R&D, our study reinforces the need to consider substitution effects between hiring scientists or engineers and alternative mechanisms to tap external knowledge, such as joint R&D collaboration. In this way, research in the field of innovation management can improve our understanding of how firms can optimize the process of harnessing external knowledge to fuel future innovative activity. 
